Objectives/Hypothesis: Voice rest is frequently recommended following surgical disruption of vocal fold epithelium, but patients report variable adherence to voice rest recommendations. The objective of this study was to assess the clinical utility of an ambulatory vocal dosimeter for measuring adherence to voice rest recommendations.
INTRODUCTION
The recommendation for voice rest after vocal fold surgery is debated among otolaryngologists and speechlanguage pathologists, but a majority of laryngologists routinely prescribe a regimen of voice rest after phonomicrosurgery despite a lack of evidence-based guidelines as to degree of voice rest or duration. 1 Proponents suggest that postoperative voice use may lead to continued injury to the already surgically injured vocal fold, whereas others propose that phonation may promote better healing by minimizing the risk of fibrosis. 2 The evidence supporting the use of voice rest is limited, 3 in part because there have been few tools to measure the degree to which patients adhere to voice rest.
A meaningful study of voice rest would necessitate compliance with recommended parameters during that period of time. Rousseau et al. have described relatively low self-reported "complete compliance" of 35% among patients who were prescribed voice rest. 4 An additional 44% reported that they "almost never" used their voice. Although self-reported degree of voice use was evaluated, the amount of accrued phonation, whether through talking, coughing, or throat-clearing, was not known. Thus, the varying degrees of self-reported compliance among these patients may represent a spectrum of voice use patterns, but the degree of variability is unclear. It is unknown how subjective measures such as patient perception and patient report of voice use are related to objective measures such as vocal dose accumulation. It is particularly difficult for investigators to assess adherence to the recommendation for voice rest because vocal fold surgery typically occurs in the outpatient setting.
The development of technology allowing measurement of voice use represents an exciting approach to the study of voice. 5, 6 An accelerometer placed along the anterior neck is used to measure vibrations from the vocal folds through the tissues of the neck 7, 8 and converted into sound pressure levels of speech (decibels). Phonation measured in this way has been shown to be relatively insensitive to surrounding sounds. 9 These findings have led to the development of portable vocal Presented as a poster (second place poster prize) at the Annual Meeting of the American Laryngological Association at the Combined Otolaryngology Spring Meetings, Las Vegas, Nevada, U.S.A., May 15, 2014 .
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Send correspondence to Stephanie Misono, MD, Otolaryngology Department, 8th Floor, Phillips-Wangensteen Building, 420 Delaware Street S.E., MMC 396, Minneapolis, MN 55455. E-mail: smisono@umn.edu DOI: 10.1002/lary.24887 dosimetry, which allows measurement and characterization of phonation using a small sensor on the anterior neck ( Fig. 1) . One of the challenges of studying voice rest is that even with no volitional voice use, patients may be phonating through other behaviors such as throat-clearing or coughing. Dosimetry allows quantification of all types of sound production. In addition, dosimetry records only the amount of voicing produced (in decibels) but not the actual content of the speech, facilitating quantification without compromising privacy.
Sophisticated ambulatory vocal dosimeters have been used previously to assess vocal production and fatigue among classical music singers 10 and to examine voice use in teachers, 11 but their use has not been widespread due to the need for frequent downloading of data and significant cost. More recently, a relatively inexpensive portable device called the VocaLog (Griffin Laboratories, Temecula, CA) was developed for the purpose of encouraging voice use among patients with Parkinsonism. A similar device made in Sweden was recently used in a pilot study of patients with Parkinson disease to demonstrate that biofeedback given by the device encouraged patients to raise their voice sound level. 12 The same group of investigators utilized the device among teachers in Sweden to examine voice use at school and at leisure. 13 Their work confirmed that subjects are typically tolerant of wearing a vocal dosimeter and demonstrated interindividual variability.
Vocal dosimeters have not previously been applied to the examination of voice rest, and when this study began, no publications were available in the literature describing use of the VocaLog. (Since that time, an interesting publication describing the use of the Vocalog in normal adults in a controlled setting has been published.) 19 Therefore, the objective of this study was to determine the clinical utility 14 of this vocal dosimeter in measuring vocal behavior during prescribed voice rest.
We hypothesized that a useful tool for measuring voice use and voice rest would demonstrate convergent validity 15 (i.e., an association between self-reported voice use and measured phonation in normal subjects). We expected a moderate strength of association based on other studies of relationships between subjective and objective ambulatory measures. [16] [17] [18] We also hypothesized that such a tool would demonstrate significantly decreased voice use (phonation percent) and loudness (sound level) in patients on voice rest after treatment.
MATERIALS AND METHODS
The VocaLog vocal dosimeter was used for this study. The device can store up to 21 days of data, avoiding the need for patients to download their own measurements. Once calibrated (which was performed per manufacturer instructions prior to use by each participant), it records estimated decibels of phonation each second throughout the monitoring period. It detects both voicing and nonspeech phonatory behaviors such as throat-clearing and coughing. 19 Although it can be set to alarm if phonation is above or below a threshold, the alarm function was not used in this study. We considered measurements >60 dB to be consistent with phonation, using the standard estimate for soft conversational speech. We defined phonation percent as the proportion of time represented by measurements that reflected phonation. The numerator was the number of measurements >60 dB, and the denominator was the total number of measurements. We defined sound level as the dB level recorded by the device during phonation; only readings >60 dB were included.
Part 1: Vocal Dosimetry and Reported Voice Use
Healthy adult subjects with no reported voice problems wore the vocal dosimeter and simultaneously documented their voice use over a 2-hour period. The subjects were asked to record the percentage of time spent talking, rounded to the nearest 5%, every 15 minutes. The relationship between selfreported voice use and dosimeter measurement of phonation percent was examined using a Pearson correlation. The BlandAltman method was used to measure systematic bias.
20,21
Part 2: Perioperative Voice Use
Patients undergoing a laryngeal procedure for which at least 2 days of voice rest was recommended were invited to participate. The patients were instructed to wear the device for 2 days prior to their procedure and the first 2 days following the procedure. They underwent laryngeal procedures in the operating room or in the clinic, and were prescribed varying durations of voice rest depending on the recommendation of the surgeon. Patients were instructed to avoid any voice use, including speaking, shouting, singing, whispering, throat-clearing, and/or coughing. They were also given multiple opportunities to ask any clarifying questions preoperatively, both when meeting with their surgeon and when meeting with their speech pathologist. Phonation percent and voice sound levels were recorded preoperatively and postoperatively and compared using a paired Student t test.
To attempt to minimize observer bias, minor deception was used, and patients were not told that the device would be measuring voice use; it was described instead as a device that measured neck muscle activity. Patients were asked to wear the device as much as possible during their participation, but were asked not to wear the device while sleeping or bathing for safety reasons. Patients were also asked not to wear the device while in a motor vehicle both for safety reasons and because pilot testing demonstrated that vibrations could be recorded by the device. Patients kept a log of when they wore the device and were also asked to push a marker button on the device when putting on or taking off the device. To further minimize observer bias, we did not ask patients to log adherence to voice rest recommendations while they wore the device. When patients returned for follow-up, we asked about overall adherence to voice rest. The study was approved by the institutional review board of the University of Minnesota (# 1111M06933).
RESULTS

Part 1: Vocal Dosimetry and Reported Voice Use
Eleven normal subjects participated in this portion of the study. Data from two subjects were not included in the analysis; one was excluded because the subject reported near-total silence throughout the recording period, making it impossible to use the data recorded by the device to determine whether reported changes in voice use were associated with changes in dosimeter measurements. Data from the other subject were excluded due to device malfunction, in which the device, when routinely tested after data collection had already been completed for this subject, was noted to be reporting high decibels even when worn in silence by research staff. This device was therefore removed from use for the remainder of the study, and the data from this subject were excluded to avoid making inaccurate conclusions secondary to this malfunction. The strength of association among the remaining nine individual participants varied from 0.06 to 0.93. In the aggregate, the association was r 5 0.62 (scatter plot shown in Fig. 2) . The Bland-Altman method was used to confirm the absence of systematic bias.
Part 2: Perioperative Voice Use
Eleven of 14 eligible patients consented to participate in the study. Reasons given for not wanting to participate included distance to the clinic for a patient who could not stay to enroll that day, desire to avoid wearing a device around the neck, and difficulty managing an additional device in a patient who wears a prosthetic arm that straps around the neck.
Enrolled patients included five women and six men who ranged in age from 34 to 69 years and presented with a variety of laryngeal pathologies (Table I ). All patients who enrolled were able to use the dosimeter as instructed, and no complications or problems were reported. No patients reported complete adherence to voice rest, but nearly all (10/11) patients reported observing voice rest most of the time, and one reported that it was difficult to observe voice rest.
The number of measurements for each patient as well as pre-and post-procedure phonation percents are reported in Table II . The mean phonation percent was 29% preprocedure (baseline) and 12% postprocedure (voice rest), representing a reduction of voice use by about 70%. This difference was statistically significant (P 5.002). In 10 of 11 patients, a significant reduction in average sound level was observed during the postprocedure voice rest period (Table III) . The average decrement in the overall cohort was 66.9 to 64.5 dB (P 5.004).
DISCUSSION
These findings support our hypotheses that a device with clinical utility would have convergent validity with voice use in normal subjects and reflect decreased voice use in patients adherent to voice rest recommendations.
Part 1: Vocal Dosimetry and Reported Voice Use
In normal subjects, prospectively collected data on voice use were associated with vocal dosimeter measurements. Because the self-reported data were collected every 15 minutes, we anticipated minimal recall bias. We therefore expected associations with the dosimeter measurements, if the dosimeter was functioning well, to be reasonably strong. As expected, the strength of association was moderate. 22 The wide range in correlation coefficients across individual subjects suggests that some individuals may be more consistent and/or accurate in their self-assessment of voice use than others. This is in keeping with other aspects of the medical literature in which patient self-report was related to, but not equivalent to, objective measures. 23 It is also consistent with findings in other areas in which relative changes were more accurately assessed than absolute levels. 24 A challenge in the examination of the relationship between self-report and dosimeter measurements is that there is no established gold standard for recording voice use that would be practical to implement clinically. The variable quality of self-reporting that we observed makes a case for the use of this or another ambulatory vocal dosimeter in combination with patient self-report.
Part 2: Perioperative Voice Use
As expected in a heterogeneous group of patients, baseline (preprocedure) phonation proportions varied widely. We observed that during prescribed voice rest, patients significantly decreased voice use. The decrease in phonation percent was large, indicating that the reduction was not just statistically significant but also clinically meaningful. The majority of patients (six of 11) decreased their phonation proportion to <10%, indicating near total silence; one patient was essentially silent, spending less than 1% of the time phonating. Conversely, the remaining five patients had phonation measurements recorded more frequently, with only two patients demonstrating voice use more than 25% of the time. Thus, in this sample, the majority of patients demonstrated minimal voice use, but there was some variability in degree of reduction in vocal behavior despite the same voice rest instructions for all subjects.
There are no established guidelines for how much phonation is "compliant" to voice rest recommendations. The results reported here may be useful as a starting point for comparison. Our findings suggest that absolute silence is likely unrealistic in clinical practice, but neartotal quiet was achieved by a majority of patients. Recent work from other investigators has demonstrated that the VocaLog device may overestimate phonation time, 19 so although there was variability, most patients were perhaps even more adherent to the recommendation for voice rest than the reported percentages might suggest.
We observed that average sound level was significantly decreased. The mean decibel difference of 2.36 roughly corresponds to a halving of the loudness of voice use. This implies that even when patients used their voices during the prescribed voice rest period, they were careful to modulate their volume. We set the threshold for measurements considered to be phonation at 60 dB; it is conceivable that setting the threshold lower could have captured additional phonation. However, doing so would have increased the risk of misattributing to voice use any background readings due to jostling of the neck piece or other minor events. To minimize the impact of the phonation cutoff, each patient served as his or her own control, allowing us to comparatively assess the differences in phonation at baseline versus while on voice rest.
This study suggests that an inexpensive ambulatory dosimeter of this nature could play a valuable role in studies of voice rest, but there were limitations that need to be acknowledged. The sample sizes for this study were small, and larger studies are needed to confirm generalizability. Second, the VocaLog device does not record fundamental frequency, and therefore a precise evaluation of the number of vibratory cycles and associated phonatory impact is precluded. 7, 25 It is also not known to what extent wearing the device affected patient behavior. It is probable that patients were aware of the presence of the device, 12 which could potentially affect patterns of vocal behavior, but it would not be possible to collect the measurements otherwise. There are also some potential issues specific to the device design that may influence the quality of data collection. This includes potential dislodgment of the sensor should the patient have prominent sternocleidomastoid muscles, given the relative stiffness of the collar (future versions of the device are reportedly in development). However, this limitation would be consistent within a given patient, allowing meaningful comparisons to be made between pre-and postprocedure measures. Another potential limitation is that because we only asked patients to wear the device for 2 days before and after their procedures, we do not know how patients would have responded to wearing the device for longer, nor do we know how adherent they would have been to voice rest recommendations beyond the first 2 days. However, patients tolerated the device well, suggesting that longer time frames may be realistic in future studies. Voice outcomes were not examined in relation to degree of adherence to voice rest recommendations, because many of the patients' diagnoses were potentially or likely recurrent.
Despite these limitations, our findings supported the hypotheses that vocal dosimetry readings would be associated with self-reported voice use and that decreased voice use would be measured when patients were prescribed voice rest. These observations suggest clinical utility for vocal dosimetry in the evaluation of voice rest. A detailed comparison of the device used in this study to others that are currently commercially available, such as the KayPENTAX APM (KayPENTAX, Montvale, NJ) and the VoxLog (Sonvox AB, Umea, Sweden) is beyond the scope of this study, but each has specific characteristics that should be taken into account when selecting a device for future studies. The area of ambulatory vocal dosimetry is exciting and rapidly changing, and new generations of devices may allow better accuracy, more comprehensive data collection, lower costs, and increased ease of use for application in future studies of voice rest.
CONCLUSION
We observed the hypothesized moderate association between self-reported voice use and measured phonation percent. In patients prescribed voice rest, we observed a dramatic decrease in voice use, both in phonation percent and sound level. This study was a necessary step in establishing the feasibility of ambulatory vocal dosimetry in the study of voice rest, facilitating future clinical research on the impact of voice rest on vocal outcomes.
